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ABSTRACT
Introduction: In the Liraglutide Effect and
Action in Diabetes (LEAD) randomized clinical
trials (RCTs) assessing liraglutide in type 2
diabetes mellitus (T2DM), glycated
hemoglobin (A1c) was reduced by 7–16 mmol/
mol and weight by up to 3.4 kg. As real-life
efficacy data on liraglutide is limited, the
authors assessed clinical effects in a real-life
cohort.
Methods: In this retrospective analysis from the
Israeli Health Maintenance Organization
Maccabi, of patients with T2DM, treated with
liraglutide C6 months during 2011–2012,
evaluations were performed at baseline and
6 months.
Results: Insulin-naı¨ve patients (n = 1,101)
treated with liraglutide with at least one A1c
or weight measurement were identified. In 933
patients with an additional A1c value after
6 months, A1c decreased by 9 mmol/mol
(p\0.0001, 95% CI 7–11) from 72 mmol/
mol. In patients receiving [2 oral
antidiabetic drugs (OADs) prior to liraglutide
treatment (80.7% patients), A1c decreased by
7 mmol/mol, and in those receiving B2 OADs,
by 12 mmol/mol. In 453 patients with
baseline data available, weight decreased by
2.55 kg (p\0.0001); 173 patients (38.18%)
achieved C1% A1c reduction. Furthermore,
91 patients (20.1%) achieved National
Institute for Health and Care Excellence
(NICE) criteria (decreased A1c C1%; weight
C3%). Weight reduction was marginally
correlated with A1c reduction.
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Conclusions: Evidence from real-life use of
liraglutide demonstrated clinical effects similar
to those demonstrated in RCTs.
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INTRODUCTION
Better understanding of the pathophysiology of
type 2 diabetes mellitus (T2DM) and the central
role of the incretins in glucose metabolism led
to the development of glucagon-like peptide 1
(GLP-1) receptor agonists as therapeutic agents
[1]. In randomized controlled clinical trials, the
use of GLP-1 agonists in patients with T2DM
caused a substantial decrease in blood glucose
and glycated hemoglobin (A1c) measures,
combined with weight loss and a low
incidence of hypoglycemia [2, 3]. These merits
likely contributed to worldwide acceptance of
GLP-1 agonists by physicians and patients alike,
despite the need for delivery by injection. In
current treatment guidelines, therapy for T2DM
includes GLP-1 agonists as an equal or superior
treatment option compared with classic oral
agents. The American Diabetes Association/
European Association for the Study of Diabetes
(ADA/EASD) position statement includes GLP-1
agonists in one of the five combinations for
dual therapy and in four combinations for triple
therapy [4]. GLP-1 agonists are the top
prioritized class after metformin for
monotherapy, dual therapy, and triple therapy
in the American Association of Clinical
Endocrinologists (AACE) algorithm [5].
Liraglutide is one of the leading GLP-1
agonist therapeutic options [6]. It is a GLP-1
analog that shares 97% sequence homology to
native GLP-1. The addition of a C16 fatty acid
side chain enables once-daily dosing of
liraglutide by prolonging its duration of action
to over 24 h. The safety and efficacy of
liraglutide have been well detailed in the
phase 3 trials, the Liraglutide Effect and Action
in Diabetes (LEAD) program [7–12]. Data from
the LEAD trials have demonstrated that
liraglutide effectively improves glycemic
control in individuals with T2DM, when used
as monotherapy, or in combination, with one
or more selected oral antidiabetic drugs (OADs).
Across the trials, mean body weight decreased
with liraglutide treatment. Reductions in
systolic blood pressure (SBP) and
improvements in lipid profiles were also
observed across the trials. However, these well-
designed randomized clinical trials (RCTs)
conducted under strict inclusion and exclusion
criteria provide limited information about the
efficacy of liraglutide in selected populations.
Moreover, cost-effectiveness issues and limited
budget have led payers to impose restrictions on
the use of liraglutide that were not part of the
patient selection in the RCTs and that may
influence the outcome in treated patients.
Retrospective insurance-based databases and
electronic medical records analyses can
provide information and guidance beyond
that provided in the clinical trials for both
payers and prescribers. Recently, reports on real-
life effects of liraglutide have been published,
but these are based on a small number of
patients in a limited number of clinics [13,
14]. In this study, the authors analyzed the
effects of liraglutide use in patients with T2DM
in a leading Israeli Health Maintenance
Organization (HMO) using their large,
comprehensive database in an attempt to
confirm effectiveness of liraglutide in a real-
world setting when prescribed under payers’
restrictions.
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SUBJECTS
Setting
This retrospective health claim and electronic
medical records analysis was conducted in
Maccabi Healthcare Services (MHS), the
second-largest HMO in Israel, serving 25% of
the total population countrywide (about 2
million members). Since 1997, information on
all members’ interactions (i.e., diagnoses, visits
to primary and secondary care physicians, visits
to outpatient clinics, hospitalizations,
laboratory tests, and purchased and dispensed
medications) have been downloaded daily to a
central computerized database. In addition,
MHS has developed and validated
computerized registries of its patients suffering
from major chronic diseases such as ischemic
heart disease, oncological diseases, and diabetes
[15, 16].
Patients
The inclusion criteria to the diabetes registry are
all patients who have one or more of the
following: A1c C55.7 mmol/mol, blood
glucose C11.1 mmol/L, a preceding diagnosis
of diabetes according to any relevant
International Classification of Diseases, 9th
revision (ICD-9) codes [17] and
A1c C48 mmol/mol or glucose[6.9 mmol/L, or
have purchased hypoglycemic medication twice
within the last 2 months. Similar to previously
described diabetes registries, definitions of type
1 diabetes (T1D) and T2DM are based on
accessible data in the electronic files (e.g., age
of the patient and treatment) and not on
diagnosis as both types have identical ICD-9
code. Patients are identified by an automated
database search and therefore the registry is not
dependent on physicians actively reporting on
the patient to the registry. The diabetes registry
holds information for [90,000 patients with
diabetes. According to the 1994 Israel National
Health Act, MHS may not deny coverage to
applicants on any grounds, including age or
state of health. Thus, all sectors of the Israeli
population are represented in MHS, except for
young adults aged 18–21 years, due to a high
percentage of them being enlisted in the Israeli
Defence Forces (IDF), and therefore receiving
medical care there.
The study was approved by Maccabi’s ethics
committee and was performed in accordance
with the Helsinki Declaration of 1975, as revised
in 2000 and 2008. Informed consent was
obtained from all patients for being included
in the study.
METHODS
Treatment was assessed by evaluating drug
purchases obtained from Maccabi’s
pharmacies. As drugs are purchased 3 months
in advance, the authors could not assess the
dose that patients were actually taking. During
this period, reimbursement rules for liraglutide
prescription were body mass index
(BMI)[30 kg/m2 and A1c[63.9 mmol/mol
after use of at least two OADs. All data were
obtained retrospectively from patient medical
records, and reflect the routine practice in the
HMO during this time period. To be included,
patients had to have T2DM and be treated with
liraglutide for 6 months or more. Prescription of
liraglutide was performed as ‘add-on’ therapy
for most patients. A minority of patients were
switched from dipeptidyl peptidase-4 (DPP-4)
inhibitors or insulin. Patients with T1D were
excluded, as were patients with cancer, end
stage liver disease, end stage renal failure (non-
diabetes related), female patients with
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gestational diabetes, and patients treated
concomitantly with insulin or DPP-4 inhibitors.
Data extracted for the study included
sociodemographic details, diabetes duration,
diabetes treatment since 2009, weight, height,
SBP, comorbidities and laboratory results of
A1c, and lipid profile. The authors also had
information on whether and when each patient
was included in Maccabi’s cardiovascular
registry and chronic kidney disease registry.
Evaluations for all variables were performed at
baseline (within 180 days prior to liraglutide
first prescription date) and at
6 months ± 90 days. The authors also had
information on whether patients were
included in the cardiovascular registry. The
cardiovascular registry includes all patients
who have been diagnosed twice or more by
hospital or outpatient cardiologists, primary
physicians, or pediatricians with at least one
of the following clinical diagnoses, classified
according to the ICD-9 codes: ischemic heart
disease; myocardial infarction; congestive heart
failure; peripheral vascular disease;
cerebrovascular disease; transient ischemic
attack; atrial fibrillation; prior coronary artery
bypass grafting; or percutaneous coronary
intervention. The chronic kidney disease
registry included all who had a glomerular
filtration rate (GFR) \60, or a GFR C60 and
two urine tests at least 3 months apart with
proteinuria (protein/creatinine ratio greater
than 45 mg/mmol, which is equivalent to
albumin/creatinine ratio greater than
approximately 300 mg/g).
Evaluations for all variables were performed
at baseline (within 180 days prior to liraglutide
first prescription date) and at
6 months ± 90 days. When restricting the
analysis to 90 days prior to liraglutide
prescription, results were similar but the
sample size was smaller.
Statistical Methods
Descriptive statistics of patient data was
performed and expressed as means and
standard deviations (SD) for continuous
variables and as number and percentage for
dichotomous variables. Results of continuous
variables were compared using paired Student’s
t test. Statistical significance was set at p\0.05.
Forest plots were calculated for the reduction
in A1c and body weight in different subgroups of
patients, and in relation to possible determinants
of glycemic efficacy and weight reduction after
starting liraglutide treatment. A Student’s t test
was used when there were two conditions, and an
analysis of variance (ANOVA) was used when
there were more conditions. p was considered
significant if\0.05 and confidence intervals were
calculated. Correlation between variables was
assessed using Pearson coefficients.
To assess determinants of changes in A1c and
weight, a univariate analysis was performed.
Dependent variables were changes in A1c and
weight. Independent variables were age, gender,
diabetes duration, number of previous OADs,
baseline A1c, baseline weight, cardiovascular
comorbidity, chronic kidney disease, baseline
low-density lipoprotein (LDL), high-density
lipoprotein (HDL), triglycerides and SBP. To
enter the multivariate regression model p was
set at \0.2. Significance was set at p\0.05.
RESULTS
One thousand one hundred and one patients
fulfilled the inclusion and exclusion criteria and
had at least one weight or A1c determination
within the specified time frames. For 933
patients, the authors had two measurements of
A1c in the appropriate time frame at baseline and
6 months after starting liraglutide treatment.
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The characteristics of these patients are
presented in Table 1. Mean age was 59.71 (SD
8.99) years, 53.5% were male, and mean duration
of diabetes was 9.83 (SD 3.29) years. Baseline A1c
was 72 mmol/mol (SD 14), and baseline weight
and BMI, available in 453 patients, were 98.03 kg
(SD 17.57) and 34.65 kg/m2 (SD 5.00),
respectively. Cardiovascular comorbidity was
present in 28.51% of patients, and 38.69% had
chronic kidney disease. Baseline LDL was
2.27 mmol/L (SD 0.68) and baseline
triglycerides were 2.40 mmol/L (SD 1.44).
Baseline SBP was 135.40 mmHg (SD 16.21).
Liraglutide treatment had a significant effect
on patients’ A1c (p\0.0001). After 6 months of
treatment, A1c had decreased by 9 mmol/mol
(SD 13) (95% CI 7–11) (Table 2). In addition,
weight decreased by 2.55 kg (SD 4. 26) (95% CI
2.15–2.94), and BMI by 0.90 kg/m2 (SD 1.49),
(95% CI 0.76–1.03). Liraglutide also
significantly reduced SBP by 3.50 mmHg (SD
17.13) (95% CI 2.22–4.78), while LDL decreased
by 0.09 mmol/L (SD 0.69) (CI 0.03–0.14) and
triglycerides by 0.1 mmol/L (SD 1.30), (96% CI
0.01–0.19). HDL levels remained stable.
Seventy-eight percent of patients decreased
their A1c in response to liraglutide treatment.
Altogether, 55% of patients had a decrease in
A1c of at least 11 mmol/mol; of these, 15% had
a decrease of at least 22 mmol/mol. Fifty-six
percent of patients lost 2 kg or more, with 43%
losing 3 kg or more (Fig. 1). Ninety-one patients
(20.1%) achieved the National Institute for
Health and Care Excellence (NICE) criteria
(decrease of A1c C11 mmol/mol and weight
reduction C3%). Of note, the correlation
between A1c reduction and weight reduction
was significant, but of a small magnitude
(Pearson correlation 0.1156, p = 0.0139) (Fig. 2).
As can be seen in Table 1, 80.7% of patients
received more than two OADs prior to
liraglutide treatment.
The 75.7% of patients who received a DPP-4
inhibitor were further evaluated. Table 2
presents the effect of liraglutide treatment
according to the number of OADs received
prior to therapy and the association with prior
DPP-4 inhibitor treatment. Effect of liraglutide
on A1c reduction as well as weight reduction
and reduction in BMI remained significant in
patients who received more than two OADs
prior to starting liraglutide treatment, though
the magnitude of A1c reduction was somewhat
smaller compared with patients who received
two OADs or fewer. Furthermore, even patients
previously treated with a DPP-4 inhibitor
demonstrated significant A1c, weight and BMI
reduction on liraglutide treatment.
Subgroup analyses showed no significant
differences in liraglutide’s effect by gender,
weight, age or diabetes duration. In contrast,
there was a significant relation between baseline
A1c and A1c reduction (\0.0001), as higher A1c
levels were significantly related to a higher
reduction in A1c (Fig. 3a). There were no
significant correlations between gender, age,
BMI, baseline A1c and diabetes duration and
weight reduction (Fig. 3b).
The authors further tried to assess the
variables determining the degree of A1c
reduction. In the univariate analysis (Table 3)
there was a strong positive correlation between
A1c reduction and baseline A1c, and the
number of prior OADs. When entering these
variables into a multivariate linear regression
model, variables that remained significantly
correlated to A1c reduction were baseline A1c,
cardiovascular comorbidity and the number of
prior OADs (Table 4). The authors also
calculated an additional multivariate model
for A1c reduction where, in addition to the
above-mentioned variables, the authors also
entered baseline LDL, HDL, triglycerides and
baseline SBP. These variables did not contribute
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significantly to the model, but limited
significantly the number of patients assessed
in the model.
Variables that significantly affected weight
reduction in the univariate analyses were
baseline weight, and the number of OADs the
patient took prior to liraglutide treatment
(Table 5). The authors also calculated an
additional multivariate linear regression model
with a dependent variable of weight reduction.
None of the multivariate models created for
weight reduction were significant.
Table 1 Baseline characteristics of patients prior to starting liraglutide treatment
N Values
Age (years) 933 59.71 (SD 8.99)
Males n (%) 933 499 (53.5%)
Duration of diabetes (years) 929 9.83 (SD 3.29)





DPP-4 inhibitors 706 (75.7%)
Thiazolidinedione 92 (9.9%)
Number of antidiabetic medications prior to liraglutide treatment 933
BTwo drugs 179 (19.2%)
[Two drugs 753 (80.8%)
Baseline A1c (mmol/mol) 933 72 (SD 14)
Cardiac comorbidity 933 266 (28.5%)
Chronic kidney disease 933 361 (38.7%)
Baseline weight (kg) 453 98.03 (SD 17.57)
BMI (kg/m2) 453 34.65 (SD 5.00)
Baseline systolic blood pressure (mmHg) 691 135.40 (SD 16.21)
Baseline diastolic blood pressure (mmHg) 691 78.15 (SD 8.62)
Baseline LDL (mmol/L) 606 2.27 (SD 0.68)
Baseline HDL (mmol/L) 798 1.10 (SD 0.26)
Baseline triglycerides (mmol/L) 808 2.40 (SD 1.44)
Baseline characteristics of patients prior to starting liraglutide treatment. Data are presented as means and standard
deviation (SD) for continuous variables and number and percentage for dichotomous variables
A1c glycated hemoglobin, BMI body mass index, DPP-4 dipeptidyl peptidase-4, HDL high-density lipoprotein, LDL low-
density lipoprotein
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DISCUSSION
In this real-world study, liraglutide was shown
to be an effective treatment for diabetes, leading
to a 9 mmol/mol reduction in A1c accompanied
by 2.55 kg reduction in weight (Table 2). In 55%
of these patients, the reduction was at least
11 mmol/mol and a weight reduction of [3 kg
was observed in 43% of patients (Fig. 1). Twenty
percent of patients with full laboratory and
weight data achieved the NICE criteria for
effectiveness [18]. Information on liraglutide
efficacy is mainly based on a series of
randomized, controlled clinical registration
trials [7–12] (the LEAD trials) conducted over
time periods ranging in duration from 26 to
Table 2 Effect of liraglutide treatment on patients’ variables
6 months after starting liraglutide treatment compared to baseline,
and also according to the number of antidiabetic drugs received and
whether patients were treated with a DPP-4 inhibitor prior to
liraglutide treatment
N Baseline After 6 months Difference p value 95% CI
Effects of liraglutide after 6 months compared to baseline
A1c (mmol/mol) 933 72 (SD 14) 63 (SD 14) -9 (SD 13) \0.0001 8 to 10
Weight (kg) 453 98.03 (SD 17.57) 95.48 (SD 17.32) -2.55 (SD 4.26) \0.0001 2.15 to 2.94
BMI (kg/m2) 453 34.65 (SD 5.00) 33.76 (SD 5.05) -0.90 (SD 1.49) \0.0001 0.76 to 1.03
SBP (mmHg) 691 135.40 (SD 16.21) 131.90 (SD 14.64) -3.50 (SD 17.13) \0.0001 2.22 to 4.78
DBP (mmHg) 691 78.15 (SD 8.62) 77.05 (SD 8.40) -1.10 (SD 9.96) \0.0001 0.35 to 1.84
LDL (mmol/L) 606 2.27 (SD 0.68) 2.18 (SD 0.69) -0.09 (SD 0.69) 0.002 0.03 to 0.14
HDL (mmol/L) 798 1.10 (SD 0.26) 1.11 (SD 0.26) 0.01 (SD 0.14) 0.24 -0.0 to 0.02
Triglycerides (mmol/L) 808 2.41 (SD 1.44) 2.30 (SD 1.74) -0.10 (SD 1.30) 0.02 0.01 to 0.19
Past antidiabetic drugs (n)
A1c (mmol/mol)
Btwo additional drugs 180 70 (SD 14) 57 (SD 10) -12 (SD 14) \0.0001 10 to 14
[two additional drugs 753 72 (SD 14) 64 (SD 14) -8 (SD 13) \0.0001 7 to 9
Weight (kg)
Btwo additional drugs 92 102.36 (SD 16.24) 99.33 (SD 16.94) -3.03 (SD 4.52) \0.0001 2.10 to 3.97
[two additional drugs 410 97.59 (SD 17.65) 95.08 (SD 17.29) -2.51 (SD 4.35) \0.0001 2.09 to 4.07
BMI (kg/m2)
Btwo additional drugs 77 35.68 (SD 4.13) 34.73 (SD 4.54) -0.95 (SD 1.47) \0.0001 0.62 to 1.29
[two additional drugs 376 34.44 (SD 5.14) 33.56 (SD 5.14) -0.88 (SD 1.50) \0.0001 0.73 to 1.04
Past DPP-4 inhibitor treatment
A1c (mmol/mol)
No 227 73 (SD 16) 63 (SD 15) -10 (SD 16) \0.0001 8 to 12
Yes 706 71 (SD 13) 63 (SD 13) -8 (SD 12) \0.0001 8 to 8
Weight (kg)
No 104 98.90 (SD 17.65) 96.33 (SD 18.30) -2.57 (SD 4.28) \0.0001 1.73 to 3.40
Yes 349 97.77 (SD 17.57) 95.23 (SD 17.04) -2.54 (SD 4.26) \0.0001 2.09 to 2.99
BMI (kg/m2)
No 104 35.08 (SD 4.82) 34.14 (SD 5.01) -0.94 (SD 1.60) \0.0001 0.63 to 1.25
Yes 349 34.53 (SD 5.06) 33.64 (SD 5.07) -0.88 (SD 1.46) \0.0001 0.73 to 1.04
Effect of liraglutide treatment on patients’ variables 6 months after starting liraglutide treatment compared to baseline was assessed using paired t test
A1c glycated hemoglobin, BMI body mass index, CI conﬁdence interval, DBP diastolic blood pressure, DPP-4 dipeptidyl peptidase-4, HDL high-density
lipoprotein, LDL low-density lipoprotein, SBP systolic blood pressure
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52 weeks. This trial program was comprehensive
and included 5,796 patients and investigating a
number of active comparators covering a wide
range of therapeutic options in the spectrum of
T2DM [19]. Liraglutide, administered as
monotherapy or in combination with other
OADs, was compared with insulin glargine,
exenatide, glimepiride and various
combinations of glimepiride, metformin and
rosiglitazone. Diverse T2DM populations were
studied across the trials, ranging from those
who were treatment-naı¨ve to those who had
been failing to achieve glycemic targets using
multiple OADs.
In this program, liraglutide was shown to
reduce A1c levels by 9–18 mmol/mol from
baseline, and weight by up to 3.4 kg [20].
Patients had disease duration of 7.7 years, and
Fig. 1 Effect of Liraglutide treatment on A1c and weight
after 6 months of treatment. Number and percentage of
patients in each category were calculated. The cohort
included 933 with A1c data and 453 patients with weight
data. A1c glycated hemoglobin
Fig. 2 The correlation between change in A1c and change in body weight after 6 months of liraglutide treatment is
depicted. Pearson correlation was 0.1156, p = 0.0139. A1c glycated hemoglobin
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a baseline A1c of 68 mmol/mol (66–69 mmol/
mol). Thus, the results seen in the current
cohort show a reduction of A1c that is
somewhat lower than those recorded in the
RCTs. A plausible explanation for this difference
is that patients in our cohort were older
(59.7 years as opposed to 56 years), had longer
disease duration (9.83 years as opposed to
7.7 years), and had greater weight (98 kg as
opposed to 90 kg) than patients studied in the
RCTs. This probably reflects the fact that
reimbursement was limited to those patients
Fig. 3 Forest plots reporting reduction in A1c (a) and
weight (b) after 6 months of liraglutide treatment in
different subgroups of patients. p values are shown for t test
when there were two conditions or for ANOVA when
there were three tertiles. A1c glycated hemoglobin, BMI
body mass index, DPP-4 dipeptidyl peptidase-4
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with an A1c greater than 63.9 mmol/mol and a
BMI greater than 30 kg/m2. Liraglutide effect on
A1c in this cohort falls in the lower range of A1c
and weight observed in the RCTs probably
because this population was not only older
with longer disease duration but also received
more than two OADs, including DPP-4
inhibitors. The importance of early initiation
of liraglutide is underscored by the effect
liraglutide had in patients who received prior
therapy with B2 OADs (12 mmol/mol and
-3 kg). The higher effect in this group is in
line with a meta-analysis of the LEAD studies
where patients on B1 OAD had a much higher
reduction in A1c when compared to patients
receiving two OADs (15 vs. 9 mmol/mol on
liraglutide 1.2 mg and 17 mmol/mol vs. 13 mol/
mol on liraglutide 1.8 mg treatment [21]).
Moreover, those treated with liraglutide after
diet or monotherapy had a better chance to
achieve a composite target of A1c\53 mmol/
mol with no weight gain when treated with
liraglutide, compared with those who received
the GLP-1 agonist after treatment with various
combination therapies [22]. It should be
emphasized that 75.7% of patients in this
cohort had previously taken a DPP-4 inhibitor
and were subsequently switched to liraglutide
because of deteriorating A1c or a failure to reach
therapeutic goals. Despite this, 78% of these
patients had a further A1c reduction and in 55%
the reduction was at least 11 mmol/mol.
This study is the largest real-life study
published so far on use of liraglutide and is
based on a large database of a nationwide HMO
that reflects the Israeli population. Other
smaller studies published to date are in line
with the findings of this study. In a study from
16 clinics in Wales, 1,114 patients using GLP-1-
based therapies were followed for a median of
48 weeks. Of the 256 who received liraglutide
1.2 mg, NICE treatment continuation criteria
(C11 mmol/mol HbA1c reduction, C3% weight
loss) were met by 32% [13]. A further real-world
study followed 166 patients from three clinics
[14]. Patients had a baseline A1c of 72 mmol/
mol and BMI of 36.34 kg/m2. Mean follow-up
was 9.4 (SD 4.2) months (range 4–16). Patients
lost on average 16 mmol/mol A1c and 4.0 kg
body weight. Significant independent
determinants of A1c drop were baseline A1c
(r = 0.673; p\0.001) and previous insulin
therapy (r = -0.251; p\0.001). The only
independent determinant of weight loss was
baseline BMI (r = 0.429; p\0.001). In this
Table 3 Univariate linear regression analysis results
N b p value
Baseline A1c 453 0.48584 \0.0001
Gender 453 -0.01598 0.8918




Chronic kidney disease 453 -0.02674 0.8218

















Baseline triglycerides 427 0.00067999 0.1855
The Dependent variable was A1c reduction after 6 months
of liraglutide treatment. Univariate linear regression
analysis results. p was set at\0.05
A1c glycated hemoglobin
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study, it has been found that baseline A1c and
number of previous OADs had a significant
explanatory role. This is in line with the overall
impression that early use of GLP-1 agonists
could lead to greater benefits. In the Italian
study, the drop in A1c was unrelated to
baseline BMI or weight loss, while in this
current study there was a small but significant
correlation between the degree of weight lost
and reduction in A1c. This suggests that most
of the drop in A1c is independent of weight
change. Rather it seems that when weight loss
occurs it may further reduce glucose levels.
A recent review that assessed available
evidence from clinical trials regarding the
efficacy and safety of GLP-1 agonists in the first-
or second-line management of T2DM suggests
that the early (i.e., second-line, or, in some cases
first-line) use of liraglutide and exenatide is
justified on grounds of efficacy and safety [23].
This study has several limitations. This was a
non-interventional observational study, in
accordance with the definition applied by the
European Medicines Agency (Directive
2001/20/EC) [24]. Study-specific patient visits,
tests and monitoring were not imposed, and
only data originating from routine clinical
practice were collected. As data were obtained
from observational registries, clinical events
may not have been captured in full and
patient follow-up was not as tight as would be
Table 4 Multivariate linear regression analysis
Variable Parameter estimate Standard error t value p value
Intercept -2.90611 0.52666 -5.52 \0.0001
Baseline A1c 0.51983 0.03893 13.35 \0.0001
Age 0.00781 0.00547 1.43 0.1544
Gender -0.01347 0.09804 -0.14 0.8908
Cardiovascular comorbidity -0.22710 0.11022 -2.06 0.0399
Number of prior antidiabetic drugs -0.36356 0.04698 -7.74 \0.0001
The dependent variable was A1c reduction after 6 months of liraglutide treatment. Multivariate linear regression analysis.
The following variables were entered as candidate variables for the model: baseline A1c, age, gender, cardiovascular
comorbidity, the number of prior antidiabetic drugs. Adjusted R2 was 0.3281
A1c glycated hemoglobin
Table 5 Univariate linear regression analysis results. The
dependent variable was weight reduction 6 months after
starting liraglutide treatment
N b p value
Baseline weight 453 0.04362 0.0001
Baseline A1c 453 -0.05486 0.7343
Age 453 0.00657 0.7680




Chronic kidney disease 453 -0.49533 0.2265













Baseline triglycerides 427 -0.00049770 0.7876
A1c glycated hemoglobin
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expected in an RCT. In addition, the time
relationship between liraglutide administration
and the laboratory data was more flexible
compared with an RCT. Missing laboratory
data and other measurements such as weight
and blood pressure were not always available in
the specified time frame. Indeed the time frame
chosen for a clinical trial would have been
shorter and closer to the start and end points.
The heterogeneity of baseline characteristics
means that between group comparisons, such
as those regarding A1c change, should be
interpreted with caution.
On the other hand, this study has many
strengths. The large size of this study (made
feasible by undertaking this research in a non-
interventional manner) and the limited
exclusion criteria increase the robustness of
the findings and potentially improve
generalizability of liraglutide effect to the
broader population. The recognized quality of
this well-established electronic medical record,
the automatic data capture and use of one
central laboratory increase the confidence in
this database.
CONCLUSION
Evidence from real-life use of liraglutide
demonstrated significant reductions in A1c,
weight, SBP and improved lipid profile,
supporting the clinical effect of liraglutide
demonstrated in RCTs. In many ways the
effectiveness of liraglutide in this real-world
study was greater than may have been
anticipated in such a cohort. Therefore, this
study suggests the adoption of a liberal
prescription policy for liraglutide, particularly
for the difficult-to-treat patients.
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